I. Introduction
and Literature.
One of the most interesting subjects in studying the carotid body is the question of its origin. This question is hot yet definitely answered today, though considerable numbers of reports on this problem have been published.
As to the origin of the carotid body, there exist threetheories ; namely, 1. the epithelial origin theory, 2. the mesenchymal origin theory and 3. the neural origin theory.
The Epithelial Origin Theory.
St ieda ('81) , the first to deal with the origin of the carotid body, traced its origin to the branchial epithelium.
His opinion was subsequently supported by the early workers, such as F is c he ii s ('85), Rabl, C. ('86) , Meuron ('86) , Prenant ('94) and Maurer ('99) . Even in those days, however, this view was already questioned by Born ('83), and then it was proved to be a mistake by Kastschenko ('87), Fusari ('99) and Rabl, H. ('22) , who showed that the anlage of the parathyroid III had been erroneously regarded as that of the carotid body. Thus, in recent years, this classical theory preserves historical interest only.
In a recent paper, Szepsenwol ('35) described that the carotid body of the domestic duck is derived from the ectoderm of the fourth branchial arch.
However, there is still much question as to whether the carotid body of birds, especially the one in his description, is homologous with that of mammals.
Therefore, the answer to that question in birds must await further investigation, 2. The Mesenchymal Origin Theory.
The earliest record of this theory was furnished by Kastsc hen ko ('87) . This investigator, working with pig embryos, considered the thickening of the adventitia of the internal carotid artery to represent the anlage of the carotid body. His statement was supported by Marchand ('91) in man, Paltauf ('92) in the rabbit, Jacoby ('96) in the cat, Groschuff ('96) and Verdun ('98) in the cat. Only Fusari ('99) derived the body from the media of the bifurcation of the carotid artery.
In the early part of this century, however, the mesenchymal origin theory was abandoned for some time, because it was denied by Kohn who, as universally known, asserted the paraganglionic nature of the body, and his opinion was generally dominant.
Afterwards Ko h n's view, however, began to be doubted, and then the mesenchymal origin has been again advocated by many authors in recent years. R a bl, H. ('22) , studying the origin of the carotid body in the guinea-pig, stated that the anlage of this organ first appears as the mesodermal cell mass on the medial, lateral and ventral side of the internal carotid artery.
According to this investigator, somewhat later the anlage comes to be contact with the sympathetic ganglion and to contain cells from the ganglion, but the relation between both is considered to be attributed to the secondary shifting.
Ha mmar ('34), investigating this problem in man and several species of mammalian animals, noted that the carotid body arises from the cellular thickening of the adventitia of the basis of the internal carotid.
Concerning the relation to the nerve; he said that the sympathetic nerve which supplies the body later is accompanied by its cellular elements, and further that such elements vary to a great extent in the time of appearing and in the amount according to the species. Similar reports were subsequently published by Da Costa ('35) in the bat and rabbit, and by Boyd ('35, '37) in man.
3. The Neural Origin Theory.
Kohn ('00) made a extensive study on the histology and embryology of the carotid body.
In this paper, he claimed that the carotid body is included with the paraganglionic system. In various species this author observed that the body has an affinity for chromic salts, and then mainly in the pig he found that the chromaffin cells peculiar to the body are derived from the embryonic sympathetic cells. Thus, since this author believed that such embryological finding agrees with the histological results, he first proposed that the carotid body should be termed paraganglion. This opinion has prevailingly been adopted, though opposed particularly by the investigators who maintained the mesenchymal origin as above described.
Smith ('24) studied this problem chiefly in the calf and rat. According to her results, the specific elements peculiar to the carotid body are derived not only from the cervical sympathetic, but also from the cranial ones represented by the glossopharyngeal and vagal nerves. The mesodermic thickening on the third branchial arch should be regarded as the anlage of the mesodermal constituents of the body. Especially the glossopharyngeal nerve is emphasized as the earliest and most significant nerve to the body from a developmental standpoint. Benoit ('28), investigating the origin of the body in the mouse, described that the body first appears as a long columnar mass which extends from the vagal ganglion to the third arch along the internal carotid, and he persisted in the vagal origin of the body.
Sato ('32) agreed with Kohn's view in his paper dealing with the development of the body in man.
W ini wa r ter ('34), on the basis of the nerve supply to the body in the bat, presumed the paraganglionic nature of this organ, and further, regarding the origin of the body, he obtained the same results in the cat as Benoi C6. He reported that besides the carotid body there also exists a number of paraganglionic tissues in the cervical region. In regard to the origin of those paraganglia, he concluded that all those paraganglia should take origin from the sympathetic which mingles within the cerebrospinal nerves.
In more recent times, the knowledge of the paraganglionic system has greatly advanced through much efforts of Kohn and his associates and others. Nowadays the conception of " paraganlion " comes to be interpreted more widely than before, and thus under the head of paraganlia the non-chromaffin paraganglia are also included in addition to the well-known chromaffin ones. Furthermore, embryological evidence favouring the view that the carotid body is also included with the non-chromaffin paraganglia, is found in the work of W a tz k a ('38). This author, examining the origin of the carotid body in various animals (horse, calf, pig, dog, etc.) , stated that the specific cells of the body are derived from paraganglionic cells originating mainly from both the vagal and the glossopharyngeal, therefore lacking chromaffin reaction in general, and further that, in some species such as the pig, the sympathetic also participates in forming the body, then provinding the body with chromaffin cells. According to him, the mesenchymal condensation first found on the medial side of the adventitia of the internal carotid, does not take part in forming the specific elements, but in forming the abundant vascular plexus of the body.
From the above brief consideration of the literature, it may be seen that the origin of the carotid body is still a matter of considerable discussion. In the decision of this question, as pointed out by W atzk a, the difficulty may vary to some extent according to the species studied. It is beyond question, however, that the succesive and minute observations, above all, are required to solve this problem.
In the present paper, therefore, I keep particularly this respect in mind.
This study was suggested to me by Prof. Toga r i and carried out under his kind guidance and encouragement.
Here I yvish to express my hearty thanks to him for his kindness.
This work was done under a grant from the Department of Education.
II. Materials
and Methods.
The materials used in this study consisted of twenty-nine embryos, which were at various stages as follows :
14 day (14 mm), 14.5 day ( Most embryos were fixed in Zenker's or Bou in's fluids, and some in Hell y's, Or t h's or C ia cc io's fluids and 10 per cent solution of formalin.
These specimens were embeded in paraffin and were cut in serial sections from 5 to 10 ik in thickness.
Most sections were stained with hematoxylin and eosin, and some with He idenhain's iron hematoxylin.
For the detailed study of the innervation, some formol-fixed materials were proceeded according to the A gd u h r's silver method.
III.
Observations and Discussion.
The Origin and Development of the Parenchymal cells.-
In the 14 day stage of the rabbit embryo, the mesenchymal condensation is first found on the ventro-lateral side of the basis of the internal carotid artery (Fig. 1) . Regarding this condensation, it will be mentioned in detail later separately.
At this time, the condensation is closely supplied with the glossopharyngeal nerve at its upper and medial side.
This nerve branch contains such an abundance of cells as to look somewhat like a small ganglion (Fig. 1) . As development proceeds, those neural cells, while peripherally scattering, gradually extend downwards a little distance along the path of the branch (Fig. 2) . Thus, in the 16 day embryo, they form. a deeply staining mass close along the medial margin of the condensation which is found closely applied to the medial wall of the internal carotid (Fig. 3 ). These cells have the scanty cytoplasm staining darkly with hematoxylin and the round nuclei somewhat richer in chromatin.
In the 16.5 to 17 day embryos, such mass originating from the glossopharyngicus displays remarkable development and enlargement.
Furthermore, a few cells in the mass are found belonging to the branch from the ganglion nodosum of the vagus and from the superior cervical ganglion of the sympathetic. Thus, the mass, partly with an influx of cells from the vagus and sympathetic, is seen crescent-shaped in transverse section, obviously representing the anlage of the carotid body (Figs. 4 and 5) . The cells composing the anlage increase in number through their divisions. Then, after the 17 day stage, they gradually show a tendency to become grouped in clumps or cell balls peculiar to the parenchyma of the body. Simultaneously their cellular differentiation also proceeds in those stages (Fig. 6 ). In the 20 day stage, their nuclei are somewhat enlarged in size and relatively regular in shape, with fine chromatin network and distinct nuelear membrane.
Then, the organ developmentally is almost completed in the 25 day stage. The parenchymal cells are fused together in clumps without distinct boundaries, and their cytoplasm are especially well preserved in chromate as fixatives. Now, according to the above results. in the rabbit embryo, the neural origin of the carotid body is indisputable, but further in the following I will briefly discuss the question at issue, comparing my results with the ones of the predecessors.
• The epithelial origin theory is now out of the question at least in mammals as already mentioned.
In my 14 day embryo, I also find the anlage of the parathyroid III closely dorsal to the bifurcation of the common Carotid artery, so that probably the parathyroid was mistaken and confused as the carotid body by the early workers.
Among the investigators supporting the mesenchymal origin theory, all those before Kohn considered the remarkable thickening of the adventitia of the internal carotid artery as the anlage of the body, and they did hot pursue its fate thoroughly. Further, the authors persisting in this theory Seto and Yamamoto ('49) . Thus, in addition to the widely-known chromaffin paraganglia, the nonchromaffin ones are now recognized, and they are thought to be in close relation mainly with the parasympathetic nerve. Under the non-chromaffin paraganglia, in addition to the carotid body, are enumerated the aortic bodies (Penitschka, Pa I me, Nonidez, Seto) and the vagal paraganglia (Goormaghtigh, White, Seto and Yamamoto). Now, embryologically including the organs originating from the peripheral nervous system under the head of paraganglia, one may indisputably say that the carotid body also is included in this category. Moreover, the fact that the glossopharyngeal nerve is the most significant in the development, seems to suggest the parasympathetic and non-chromaffin nature of the definitive body.
The Formation of the Interstitial TissueAs already shown, in the 14 day rabbit embryo, the mesenchymal condensation is seen first as the thickening of mesenchyme on the ventrolateral side of the basis of the internal carotid artery (Fig. 1) . ThereAter, in the 14.5 and 15 day stages, the condensation comes to surround the artery, on Whose ventro-medial side it is especially thickened (Fig.  2) . The condensation is remarkably vascular ; it receives blood vessels in large numbers from the internal carotid (Fig. 3) . Then, as development proceeds, it gradually becomes transformed into young connective tissue and becomes confluent with the anlage of the carotid body, thus apparently forming the interstitial tissue of the organ with its abundant blood vessels (Fig. 6 ). Yet, even in the later stages, its small part towards the internal carotid still remains as an accumulation of connective tissue at one side of the organ. The above observations make it apparent that the condensation first appears just at the peculiar region in the early stages when the formation of the parenchyma of the body is not yet definitely seen, and thereafter it even remains predominant over the parenchyma anlage in amount. For this reason, some authors seem to have attributed the origin of the carotid body to the mesenchymal condensation. However, when the fate of the condensation is carefully followed, it is obvious that the condensation does not take part in the formation of the parenchyma, but in the formation of the interstitial tissue of the body.
Among the authors supporting the neural origin theory, on the other hand, there is also divergence of opinions regarding the condensation ; that is, Kohn stated that the condensation is to be seen only temporarily and is not concerned in the formation of the anlage of the body, and Smith and Watzka, on the contrary, noticed that it takes part in forming the interstitial tissue of the body. As to this question under discussion, I believe that the condensation participates in forming the interstitial tissue as asserted by the latter two authors. In addition, according to my view, much significance is attributed to the condensation as will be shown in the following.
It has long been known that in amphibians, especially in anurans, there •exists an organ known as carotid gland at the point of the bifurcation into the external and internal carotid arteries. Nowadays this organ is generally considered as vascular labyrinth, and hence it is thought to be essentially different from that of mammals (Zim me rmann, '87; Kohn, '00; Sato, '32; Mishima, '44). Smith was interested in the embryological fact thatthe carotid bodies of amphibians and mammals bear some resemblance to each other in regard to the time and region of their appearance.
Wa tzk a suggested that the carotid body of amphibians may be considered as representing a primitive apparatus which serves to regulate blood pressure, and further that morphologically the carotid body may become complete only when it acquires the paraganglionic cells as seen in that of higher animals. As to the development of the so-called carotid gland of amphibians, the reports are not of small numbers, and there is also a little divergence of opinions. However, according to the recent investigations of Pisc hi n g e r ('34, '37) and Mishima, the body is prevailingly believed to be not of epithelial origin, but of mesenchymal origin. Here, I will return to the discussion of the mesenchymal condensation in my rabbit embryos.
The condensation, to some extent, seems to bear rest mblance to the carotid body of amphibians; that is, the condensation first appears in the region just corresponding to the third branchial arch, later retaining a relatively remarkable appearance, and further its blood supply is also very peculiar as will be shown later. From these facts, it may be supposed that the condensation is also of phylogenetic significance.
But, indeed, the carotid body of mammals is differentiated so highly that its structure is thought to be definitely different from that of the carotid body of amphibians.
Hence, as a matter of comparative anatomy, it is interesting to note that, in the early stages of the developmeni of the carotid body, mammalian embryos have the mesenchymal condensation which seems to be homologized with the carotid body of amphibians.
The Formation of the Blood Vessels in the Body.-
As to the developmental process of the blood supply in the carotid body, it has scarcely been paid any attention in the past. 'But, it is also a subject of considerable interest.
In the rabbit embryo before the 17 day stage, the mesenchymal condensation is supplied with the internal carotid artery ; that is, the branch springing from this artery, as large as the latter, splits into a very large number of capillaries in the condensation (Fig. 3) . Such abundant blood supply of the condensation seems to resemble that of the carotid body of amphibians which is generally regarded as vascular labyrinth.
But, after the 18 day stage when the condensation becomes gradually transformed into the interstitial tissue, the external carotid artery, sending a branch with the relatively thick wall to the condensation, comes to take the place of the internal carotid. Such transition of the blood supply is shown in a specimen of my 19 day embryos. Then, when the carotid body comes to be almost completed, the artery arising from the dorsal wall of the basis of the external carotid, enters the body at the rather densely packed connective tissue medial to the body and gives off a large number of capillaries there. From the above statements, it may be said that the developmental process of the blood supply to the body is generally classified into two stages as follows ; first the blood supply in the early stages, derived from the internal carotid, may be considered as being a *temporary supply peculiar to the condensation, and secondly the one in the later stages, derived from the external carotid, may be considered as being the definitive supply to the carotid body. The latter supply is first seen after the condensation loses its characteristics.
As already mentioned, especially the peculiar supply to the condensation seems to suggest the phylogenetic significance of the condensation.
The Formation of the Nerves to the Body.-Regarding the nerves in the definitive carotid body, many detailed works have been published (Wilson and Billingsley, '23; Riegele, '28; Castro , '26, '28, '29; '30; Kushiro, '49; Seto and his associates, '49; Ts uge, '49) . Though it is not the purpose of my present papar to investigate the nerve termination in the body in detail, I will refer to only a brief history of the development of the nerves to the body in the following. In the rabbit embryo; the glossopharyngeal branch, the most marked among the nerves in the early stages, envelops the mesenchymal condensation closely. Such matter may easily be explained as the consequence of the facts that, as universally known, the glossopharyngeal nerve supplies the third branchial arch, and further that, as seen in the 14 day embryo, the condensation is the derivative of the mesenchyme of the third arch. As mentioned previously, the glossopharyngicus first plays the very important role in the development of the body, and then afterwards it takes part in forming the plexus which is especially marked on the upper part of the body.
The branch from the vagus first appears a little later than the glossopharyngeal one ; in the 14.5 day stage, a small branch arises medialwards from the ganglion nodosum, joining the plexus from dorsalwards. The sympathetic first sends a branch ventralwards from its superior cervical ganglion in the 16 day stage, thus participating in forming the plexus. The sympathetic ganglion displays remarkable development nearly in this stage, so that it comes to bein contact with the condensation and then touches the anlage of the carotid body. After the anlage of the body developmentally has been formed, these three nerves undergo remarkable change no longer, thus forming a dense plexus especially on the upper part of the body as one of the definitive constituents. No nerve but those three takes part in forming this plexus.
In regard to the presence of nerve cells in the carotid body, there are two views; that is, it is reported by some authors (Luschka, '62; Schaper, '92; Marchand;  Riegele), while rejected by others (Wilson and Billingsley, Tsuge). As far as I can determine in the rabbit embryo, no nerve cells can be recognized within the body.
IV. Conclusions 1. In the rabbit, the parenchymal cells of the carotid body are derived mainly from the glossopharyngeal nerve and partly from the vagal and sympathetic nerves; therefore, it may embryologically be said that the carotid body is included with the paraganglionic system in the broad sense.
2. The mesenchymal condensation which hitherto has often been described as the anlage of the carotid body, does not participate in forming the parenchyma of this organ ; it is transformed into connec-tive tissue forming the interstitial tissue with its abundant vascular supply.
In addition, it is probable that much significance should be attributed to the condensation from a phylogenetic standpoint. 3. The mesenchymal condensation is first supplied with blood from the internal carotid artery, and then, as the development of the parenchyma of the carotid body proceeds, this organ comes to receive the blood supply from the external carotid ; that is, in general, the early blood supply from the internal carotid artery is a temporary one peculiar to the condensation, and the later one from-the external the -definitive to the carotid body .
4. In the rabbit embryo, the nerves to the carotid body come from the glossopharyngeal, vagal and sympathetic nerves ; the first to appear is from the glossopharyngicus, the next from the ganglion nodosum of the vagus, the last from the superior cervical ganglion of the sympathetic. These nerves form a dense plexus especially on the upper part of the organ.
Nerve cells cannot be observed in the carotid body of the rabbit embryo. 
